LaCoO 3 and La 0.5 Sr 0.5 CoO 3−δ perovskites have been studied by in situ Co Kedge XAS. Although the partial substitution of La(III) by Sr(II) species induces an important increase in the catalytic oxidation activity and modifies the electronic state of the perovskite, no changes could be detected in the oxidation state of cobalt atoms. So, maintaining the electroneutrality of the perovskite requires the generation of oxygen vacancies in the network. The presence of these vacancies explains that the substituted perovskite is now much more reducible than the original LaCoO 3 perovskite. As detected by in situ XAS, after a consecutive reduction and oxidation treatment, the original crystalline structure of the LaCoO 3 perovskite is maintained, although in a more disordered state, which is not the case for the Sr doped perovskite. So, the La 0.5 Sr 0.5 CoO 3−δ perovskite submitted to the same hydrogen reduction treatment produces metallic cobalt, while as determined by in situ XAS spectroscopy the subsequent oxidation treatment yields a Co(III) oxide phase with spinel structure. Surprisingly, no Co(II) species are detected in this new spinel phase.
4 K/min. As previously described, the experimental conditions were chosen to assure that no peaks coalescence occurs (17). H 2 consumption was registered by means of a thermal conductivity detector (TCD) pre-calibrated using CuO. Also, a mass spectrometer in line with the TCD, previously calibrated with reference mixtures, was used to detect variations of hydrogen concentration and possible sub-products formation.
The X-ray absorption spectra (XAS) were recorded at the BM25 beam line (SPLINE) of the ESRF synchrotron (Grenoble, France). The spectra were acquired at the Co K-edge in transmission mode using a suitably modified commercial infrared cell (Specac), and self-supported wafers of the perovskite samples prepared using the optimum weight to maximize the signal-to-noise ratio in the ionization chambers (log I0/I1 ≈ 1). Both, the EXAFS and XANES regions of the XAS spectra were collected after the corresponding treatments. For the thermal treatments a set of mass flow controllers were used for dosing the gases to the cell, with a total flow of 100 ml/min. In all cases, the gas mixtures used for the hydrogen reduction and reoxidation treatments (H 2 , 500ºC, 30´; O 2 , 500ºC, 30´) were the same to those described in the TPR experiments. A standard Co foil was introduced for energy calibration after the second 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 atoms. In a previous paper (8), we have showed as the LaCoO 3 perovskite presents an important activity for the thermal oxidation of carbon, producing a decrease in its temperature of combustion of ca. 150ºC and a significant increase in the selectivity toward CO 2 . When Sr cations are incorporated, a further 30ºC decrease in the combustion temperature is observed. Also, the selectivity to CO 2 increases from 89 to 94%. So, it is clear that incorporation of Sr(II) cations modified the catalytic performance of the cobalt perovskite. Differences in reactivity have also become evident in the TPR profiles included in Figure 2 . After calcination at 500ºC, the profile of the Sr-containing sample presents two main peaks centered at 355 and 450ºC, respectively. The reduction process is completed at 500ºC, when the perovskite structure collapse as the cobalt is completely reduced, as deduced from the TPR profile. This fact has been verified by XRD (not included). On the contrary, the LaCoO 3 presents two main peaks at higher temperature (420 and 550ºC), and need to be heated in hydrogen at 600ºC to complete the reduction process. To further elucidate the structural and chemical changes involved in these reduction and reoxidation treatments, an in situ XAS study has been accomplished over these two cobaltites. Figure 3a shows the XANES spectra for the LaCoO 3 sample submitted to a reduction treatment in hydrogen at 500ºC, followed by a reoxidation at the same temperature. It can be observed as upon reduction, the edge of the XANES spectrum is 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 
